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BEAM FORMING NETWORK FOR A
MULTIBEAM ANTENNA

BACKGROUND OF THE INVENTION
1 Fleld of the Inventlon |

The 1nventlon pertains to feed networks for array' -

N L antennas and more partlcularly to beam formlng net- I-lreferenced in FIG. 1..

10

works to feed array antennas in a manner to estabhsh
multlple 1ndependent radiated beams |
-2, Descrlptlon of the Prior Art

_An array of antenna elements may provrde srmnlta--’ 'ﬂ.m the apparatus of FIG: 1.

: neous ‘multiple beams with. the utilizaton of a beam
- ,;.__formlng network that couples each input port of a mul- |
-~ tiplicity of input ports to all the elements in the atennan. -

- array. A signal at an input port is coupled through the -_ _element array utllmng the prmcrples of. the present

- network to all the array elements to establish an aper- L '1nvent1on

- ture dlStI‘lblltIOIl to radlate a beam in a direction ‘associ- G
_. ?O._towards the Butler matrix at its Junction wrth the Ele-
- work, generally known as a Butler matrix, performs this o

. ment Level Transformer
' coupling losslessly with a minimum number of direc: -
o tional coUplers and fixed phase shifters.. This network,
- however, requires. a

- -crossovers within the network in- order to establish the"

" proper aperture - distribution- for each beam ‘in. space. - |

“When strlphne is utlllzed in the transmission line for the. -

~ ated with that input. port. One such beam forming net-

a large number of transmission. line

L -4.,424;500 o

15 f~1nterlevel transformer useful in the apparatus of FIG. 1. .

- network, these crossovers are accomphshed with multi-

- deck stripline circuits and interdeck connections, These .

30
~ interdeck connections are. generally accornpllshed by_3

BRIEF DESCRIPTION OF THE DRAWINGS

o | _FIG.1isa representatlon, Pafﬂﬂlly in isometric view, L
R li,;._..-of the assembled major components of an antenna sys- ,

tem whrch utrhzes the pnncrples of the present 1nven--
o 'tlon o o N

- FIG. 2 1s an 1llustratlon of the deck level transformer “

FIGS. 3A, 3B and 4 are cross-sectronal views takenﬂ |

| IR .through selected sectrons of the deck level transformer
?'"j_-'_}ofFIG 2. SRR , T |

FIG: S1s a plan vrew 1llustrat1ng a 3 dB coupler usefnll_ .
FIGS. 6 through 8 are plan and elevatlon vrews of an -

'FIG. 9 is a schematic diagram of a two beam eight

FIG.9A is a: cross-sectlonal view of FIG 1 looklng;- .

" 'FIG. 10 is a perspective view of the mner condnctors o
of an 1nterleve1 directional coupler | RO
“FIG. 11isa perspectwe view of the mner conductors L
- of a 3 dB interlevel coupler | - . -

'FIGS. 12 through 14 are. crossssectlonal v1ews of

.'fi_'-'selected sections-of FIG. 11. S
FIGS. 15-18 are cross-sectional vrews deplctmg trau— SR
"srtrons from full ‘height asymmetrical striplines to half

~ - height asymmetrlcal stnpllnes ‘with electrlcal field lines

. positioning connecting metal pins between the decks.on .

-which the striplines to be 'connected are located and

.' - estabhshes amphtude and phase d1str1butlons across.the
~ aperture within tolerance limits that provide‘acceptable

~free space antenna. patterns In applrcatlons, however,
| __Wherem low antenna srde lobe levels are requn'ed the
-random’ phase - shifts .and jllIlCthIl losses - ‘realized

N through the multlphclty of interdeck connectlons make -
- it difficult to maintain the necessary aperture phase and
- amplitude distribution tolerance ‘limits. ~Though :low -
. "-antennaside. lobes: may- be realized: wrth this type of

- constructlon, thelr achlevernent is dlfﬁcult and costly

SUMMARY OF THE INVENTION

~present invention includes a power divider for coupling -
~ each of.n co-planar input. ports through-at’ least two

~ multi-levelled and is constructed with stripline circuitry .

" toforma Butler matrlx Line crossovers inherent to the
~Batler construction.are accomphshed with circuit ele--*

" 'ments that couple’ srgnals between levels of a'deck so.

- . that.crossing lines are located at drfferent levels These:
_ elements eliminate the necessity for utlhzrng pin level

i jtransrtrons to avoid the intersection of crossing lrnes at
. equallevels. The output terminals of the Butler matrix,
.. ‘which are at two different levels for a two.deck Butler -
. ‘matrix. construcuon, are coupled' to an element level
- - transformer which provides a transition from this multl-* B
o level array of termmals to an array of co-planar antenna -
L ;_jelements S L - :

between the lnner conductor and ground 1nd1cated

| - thereon.
| solderlng the striplines to these interdeck connecting

' pins. For.many apphcatrons this type of constructron.f 35"

FIG. 19 isa plan Vlew of a matchlng network useful

for. matchlng a full size asymmetrtc strrplme to a half

-",_Slze asymmetric stripline. -

FIG. 20is. a_ cross-sectlonal vrew of the matchlng"'..-." o
'-'__network of FIG. 19. S |

FIG. 21 shows mterlevel couplers

"FIGS. 22 through 24 are top,-side and bottom wews‘i__ *‘ -

..-.._-.:'_of the Element Level Transforrner referenced in FIG L

e Refemng fo FIG 1,a multlbeam antenna system 10 N
e ,'ff,lncorporatlng the prlncrples of the present lnventron SRR
_includes a power divider 11 which couples signals inci-- . -~ ¢ -
A beam formlng network for a multl-bearn antenna --_dent to each of the input terminals 11a through 11ntoat ..~ -
least two input terminals of a deck level transformer 12, =~ - .
- “such as that described in our corresponding U.S. patent .
. aNE .-'-_appllcatron Ser. No..220,226. Each of the input termi- |
::_nonplanar output ports which in turn are coupled to,:--- ~"nals of deck level transformer 12 is coupled to'adesig-~ -
, correspondmg input ports of a multi-decked beam form-_ SCE |

. . ing matrix. Bach.deck of the beam formmg matrix 1s={_ 55

_circuitry forming Butler matrix 14. The inner conduc- - = =
“tors of: each of the at least two decks of strrplme cir-- .
'cultry are . converted' to asymmetrlcal striplines by ~ .
means of symmetrtc-asymmetrlc stripline transformers- - -
.j_‘contalned in-decks 14A and 14B of Butler matrrs 14,

" - ‘wherefrom they are coupled to the circuitry on de51g-_ o
-nated levels comprising the Butler matrix- 14. The out- =~

o "constructed in -accordance with the. principles of the 50

65

DESCRIPTION OF THE PREFERRED
RO EMBODIMENTS

- -:nated inner conductor of a symmetrical stripline system .

on a preselected deck of at least two decks. of stripline

_puts ports of each deck of the Butler matrix are in sym-- = .
" metric’ stripline ‘and’ are uniformly dlstrlbuted in the .
central planes-of each deck. These output ports are . .
. transformed to a.common'level and appropriatély cou- .
pled 10 co-planar antenna elements 15a through 15q by R
S element level transformer 16 o L
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3

Coupling each input port 11a through 11»n to the two
decks of the Butler matrix 14A and 14B of the Butler

1

 yet to be described, transform the center conductors 50

matrix 14 may be accomplished through the power

divider 11, yet to be described, and the deck level cou-
pler 12 shown in FIG. 2. An input port, as for example
port 11g, is coupled to one arm of a three branch 3 dB
stripline coupler 18, the adjacent arm of which 1s cou-
pled to a matched termination 19 while the output ports
22 and 23 are coupled to the input striplines 25 and 26 of
the deck level coupler 12. Deck level coupler 12 may be
constructed by transforming the input striplines 25 and
26 to the common ground plane 27 of the decks 14A and
14B and converting the upper 28 and lower 29 ground
planes at the input end of the deck level coupler 12 to
the center conductors of the upper deck 14A and lower
deck 14B respectively. |

Commencing with the multi-deck section of the deck
level coupler 12, the upper ground plane 32 is gradually
removed in the vicinity of the stripline conductors 33
with a taper angle 34 which extends a distance 35 from
the apex after which the ground plane is completely
removed establishing a microstrip circuit over this dis-

tance for the center conductors 33. The center conduc-

tors 33 are broadened using a broadening angle similar
to the angle 34 for a distance 36 after which all center

and 52 to conductors 50z and 524, respectively, at the

-upper level of the asymmetric line while 0 dB interlevel
couplers 56 transform the center level conductors 51

and 53 to conductors 51a and 53a, respectively, at the -
lower level of the asymmetric line.

The invention will now be more fully descnbed with
reference to FIG. 9 which is a schematic diagram of a

- two beam eight antenna element Butler beam forming

10

network with the elements arranged to be in conformity
with the block diagram of FIG. 1. Though the 2 X 8 will

~ be described, it will be apparent to those skilled in the

15

~art that the principles to be discussed are not limited
‘thereto, and that these prmCIples are apphcable to any

m X n system.
A signal incident to 1nput port 61 1s coupled to a three

branch 3 dB coupler 62 of power divider 11 and there-

" through to output transmission lines 62a and 62b with

20

equal amplitude and in-phase quadrature. Throughout
this discussion, the convention will be used that the
phase shift straight through the. directional coupler,

- such as from input port 61 to output line 626, is 90 de-

conductors 33 merge with the ground plane 28 of the

symmetrical stripline section of the deck level coupler:

12 which couples to the power divider 11, Over the

distance 36, the center strips 25 of the symmetrical

stripline section are similarly tapered to merge with the 30

common ground plane 27 between the upper deck 14A

and the lower deck 14B. This transition is shown in

cross-section in FIGS. 3A, 3B, and FIG. 4. In a similar
- manner, the center strips 26 are merged with the com-

mon ground plane 27 and the center strips of the lower
deck 14B are converted to the lower ground plane 29 of

the symmetrical stnplme section of the deck level cou-
pler 12 '

Each of the three branch 3 dB couplers may be de-_

signed by methods well known in the art, as for example
- the method described by Reed and Wheeler in the IRE

Transactions on Microwave Theory and Techniques,
Volume MTT-4, Number 4, October 1956. A coupler
designed with this procedure to match a 50 ohm sym-
metrical stripline may take the form shown in FIG. 5
wherein the circuit coupling sections 41,42, 43 and 44

are each 50 ohms, the intercoupling sections 45,46 and

the middle branch 49 are each 35.35 ohms and the
branches 47 and 48 are each 120.77 ohms. These imped-
ances provide maximum isolation and minimum cou-

pling variation over a desired band. Over an 11% fre-

35

45

grees while the phase shift in the coupled arm, such as
~from input port 61 to output transmission line 624, is 0
25

degrees. Output transmission lines 62a, 62b are coupled |

to the deck level transformer 12, which may be of the B
“type described in U.S. patent application Ser. - No.

220,226, and therefrom respectwely to decks 14A and

14B. ‘Transmission line 62a is coupled in deck 14A

through a 673° phase shifter 63, which may be of the
Schiffman type well known in the art, to an input trans-

mission line 64a of a three branch 3 dB coupler 64,

constructed in symmetrlcal stripline, for which a second
input port 64b is coupled to a matched termination 64c.

The output transmission lines 64d and 64e of the 3. dB

coupler 64 are coupled through a symmetric-asymmet-
ric line transformer 65, yet to be described, to transmis-

sion lines 654 and- 65¢, respectively, on the upper inner
“conductor of a two level asymmetric strip transmission

line. Transmission line 65d is coupled at this level

'through a 45 degree phase shifter 66 to the input trans-
mission line 67a of an interlevel 3 dB coupler 67, yet to
~ be described, via transmission line 68. As will be appar-
ent, the inner conductors of transmission lines 654 and

65e traverse regions wherein crossings by inner conduc-

“tors on the lower level occur. To provide substantially . -

complete decoupling between the transmission lines

- associated with the crossing inner conductors, a conver-

>0

sion from full height asymmetric stripline to half height
asymmetric stripline 1s accomplished in the region 69. -

~ This conversion will be explamed subsequently with the

quency band the isolation will be greater than 37 dB and .

the coupling variation will be less than 0.12 dB.

After the transition through the deck level coﬁpler"

12, the stripline in the Butler matrix 14 in each deck 14A

. and 14B will exhibit a symmetric configuration with the
central strips substantially equidistant between the

upper and lower ground planes as for example the posi-

tioning of the central strips 50,51,52 and 53 of the upper
deck 14A positioned between the lower ground: plane

~aid of FIGS. 15 through 20.

Interlevel 3 dB coupler 67 is a four port dewce, in full

" hmght asymmetric stripline, havmg an input transmis-
35

sion line 67e¢ and-an output transmission line 67b at a
common level, as for example, the upper level of a two
inner level asymmetric transmission line and an 1input -

o transmission line 67¢ and an output transmission line 67d

coinciding with the common ground plane 27 and the

upper ground plane 54 as shown in FIG. 6. To eliminate

duce the number of levels therein to two strlphne

etched surfaces, this symmetrical stripline is converted
to asymmetrical stripline, shown in cross-section in'
FIG. 8, by the symmetric-asymmetric line transformer

at a different level, as for example, the lower level of a

‘two level asymmetric stripline. The coupling between

an mput transmission line and the two output transmis-

- sion lines is 3 dB with the signal in the common level - -
costly interlevel pins within the Butler matrix and re- . .

65

shown in FIG. 7. In FIG. 7, 0 dB interlevel couplers 55,

. output transmission line in-phase with the incident sig-

- nal and the 51gnal in the non-common level output trans-
‘mission line in quadrature with the input signal. The

- output transmission lines 675 and 67d of interlevel cou-
" pler 67 are coupled to asymmetric-symmetric stripline

transformer 70 wherein the transmission lines are con-
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verted to half height asymmetric strrp]me and coupled .

therefrom to a common level.

‘The output transmission lines 65¢ from the symmet-
ric-asymmetric transformer 65 at the upper level of the
two level asymmetric transmission line is coupled via
- input transmission line 71a of interlevel 3 dB coupler 71
to a common level output transmission line 715 and to a

d

__ .

| hnes 94¢ and 94bH of 3 dB coupler 94 1n deck 14A and 95¢

and 95b of 3 dB coupler 95 in deck 14B are respectively
coupled to upper level input transmission lines 96q, 974,
98a and 99a of 0 dB interlevel couplers 96, 97, 98 and 99
via symmetric-asymmetric transformers 102 and 103.

- These 0 dB couplers will couple a signal incident

lower level output transmission line 71d which in turn

are coupled to asymmetric-symmetric transformer 70
wherein they are transformed to a common level. These
common level transmission lines 675, 716, 67d’ and
71d’ are reSpeotwely coupled through element level
| transformer 16 to antenna elements 712a, T2¢, T2e and
712

Output transmission line 625 of symmetno stripline 3
dB coupler 62 is coupled via input transmission line 74a
to a symmetric stripline 3 dB coupler 74 in the lower
‘deck 14B, the output ports 745 and 74c¢ of which are
coupled via symmetric-asymmetric stripline trans-
former 75 to the upper and lower levels of a two level
asymmetric stripline of the lower deck 14B. Transmis-
sion line 754 at the upper level of the asymmetric strip-
line is coupled to output transmission line 745 and is
further coupled through a 45° phase shifter 76 to an
1nterlevel 3 dB coupler 77, while output transmission
line 75e, at the upper level of the asymmetric strip trans-

10

15

20

thereto at one level of an asymmetrical stripline, as for
example transmission line 96a at the upper level of deck

14A, to a transmission line at a second level of an asym-

metrical stripline, as for example transmission line 965,

‘with substantially zero attenuation and a phase shift in
the order of 90 degrees. Thus, transmission line 964 is

coupled to the input transmission line 67¢ of interlevel 3
dB coupler 67 via output transmission line 965, accom-
plishing a level change without the utilization of inter-
level pins and soldered connections. Similarly, transmis-
sion line 98a is coupled via transmission line 986 to the
input transmission line 77¢ of 3 dB interlevel coupler 77
in deck 14B and transmission lines 974 and 99z in the
upper level of deck 14A and deck 14B, respectively, are

coupled via 0 dB interlevel couplers 97, 99, transmission

lines 975, 99b, and 45 degree phase shifters 104, 105 to

- the input transmission lines 71c, 81c of 3 dB interlevel

mission line, is coupled to output transmission line 74cis

further coupled via input transmission line 81a to inter-
level 3 dB coupler 81. The output port 775 of coupler 77

and the output port 815 of coupler 81 are at the upper
- level of the two level asymmetric stripline while the
output ports 77d and 814 are at the lower level. These

couplers 71 and 81 on decks 14A and 14B, respectively.

- Signals coupled to input transmission lines 67¢, 71c, 77¢ .
and 81c are coupled through interlevel 3 dB couplers
67,71, 77 and 81, asymmetric-symmetric strip transmis-

sion line transformers 70 and 80 and element level trans-

. former 16 to the array elements 72a through 72h.

30

output ports are coupled to an asymmetric-symmetric -
stripline transformer 80 wherein they are transformed

to a common level as the center conductors of a sym-

33

metric transmission line. The output symmetrical trans- -

* mission lines 775', 81b', 77d' and 81d' respectively cou-

ple the output transmission lines 775, 815, 77d, and 81d,
through element transformer 16 to elements 725, 72d.
72/, and 72h. To facilitate the element level transforma-
‘tion, to be described subsequently, the arrangement of

the transmission line in the upper deck 14A and lower

Interlevel 3 dB couplers 67, 71, 77 and 81 may include
two 8.3 dB stripline couplers of the type described by
Gunderson and Guida in the Microwave Journal, Vol-
ume 8, Number 6, June 1965. A 'diagram_of the inner
conductors of this type coupler is shown in FIG. 10.
This type coupler will couple a signal incident to the
input transmission line 111 at one level of a two inner

level stripline configuration to a common level output
“transmission line 112 and to a lower level output trans-

~ mission line 113 with substantially no coupling to the

4'0 _

deck 14B at the output end of the resPectme_ asymmetri-

cal-symmetrical transformers 70 and 80 is as shown in
FIG. 9A. The 5pac:1ng between the inner conducting
elements at each level is twice the desired element Spac-
ing s while the spacing between an inner oonduotor in

45

deck 14A and an inner conductor in deck 14B 1s sub-

stanttally equal to the desu'ed element spaomg of the
array 72.

It will be recog) gmzed by those skllled in the art that a

signal coupled to input terminal 61 will traverse the

circuitry of FIG. 9 and provide a phase gradient across -
the array of elements 72a through 724 that is equal to |
w/8. A negative phase gradient of equal magnitude is.

realized when a signal is coupled to the second input
port 91. This signal will be ooupled to a symmetric
stripline 3 dB coupler 92, and via output transmission
line 92a to a 673° phase shifter 93 in the lower deck 14B
via the deck level coupler 12. Simultaneously, a signal

forward direction lower level output transmission line

114. When a signal with a voltage V, is incident to

transmission line 111 at a frequency for which the cou-

pling length 1=A/4, this type of coupler, designed for

- —8.3 dB coupling between transmission lines 111 and

113, will couple a signal to transmission line 113 that is

- 0.385 V, and a signal to transmlsswn line 112 that is
10.923 V, with a phase angle that is —90° from that of the

signal at transmission line 113. When two such couplers

- are placed in tandem as shown in FIG. 11 and the length -

S0

‘of the interconnecting transmission lines 115 and 116 are

properly chosen, a 3 dB coupler is realized between

- 1nput transmission line 117 and output transmission lines

118 and 119 with the signal phase of the output trans-

- mission line 119 in quadrature with the signal phase of
35

transmission lines 117 and 118. Substantially no signal is

coupled to transmission line 120. In FIGS. 12, 13, and

14 are cross-sectional views taken through three sec-
tions of 3 dB interlevel coupler of FIG. 11, FIG. 12

60..

of equal amplitude as the signal coupled to a phase

shifter 93 but in-phase quadrature therewith is coupled
from the output transmission line 925 via the deck level

coupler 12 to the input transmission line 94¢ of a sym-

“metrical stripline 3 dB coupler 94 in the upper deck

- 14A. In deck 14B, a phase shifted signal from phase-

shifter 93 is coupled to an input port 952 of a symmetri-
cal stripline 3 dB coupler 95. The output transmission

65

representing the upper level output strip transmission
lme, F1G. 13 representing the strip lines in the coupling
regton, and FIG. 14 representing the lower level output

‘strip transmission line. When the material 127 is used for

spacing the inner and outer conductors is constructed of
a foam dielectric with a dielectric constant substantially
equal to 1.03 and the spacings between the upper level

" inner conductor and the upper ground plane is equal to

the spacing between the lower level inner conductor

- and the lower level ground plane, a 50 ohm system may



| level coupler may be designed as two interlevel 3 dB

V,f_;,. at a phase angle of —90 degrees in the non-planar
output transmission line 156. The signal in the co-planar
- output transmission line 155 couples across the junction

7 .
be realized when the spacing between the two inner
conductors s, the spacing between the two ground
planes b, and the width of the inner conductors w are in -
the relationships s/b=0.366 and w/b=1.4. |

As stated previously, the desired characteristic of the 5
~ interlevel 3 dB coupler is the positioning of the output
ports at different stripline levels thus allowing lines to-
cross with minimum coupling therebetween and elimi- .
nating all interlevel pin connections normally associated
~ with Butler matrices. To provide complete decoupling 10
between crossing lines, the asymmetrical striplines may
be converted to half height asymmetrical striplines by
~1nserting a metallic sheet 130 at the midplane between

the ground planes 132a and 132b as shown in FIGS. 16

and 18 in regions external to the coupling region of 15_

FIG. 11. Referring to FIG. 15, an upper level asymmet-
rical stripline with an inner conductor 131, which corre-

sponds to the upper level strip transmission line 118 of
- FIG. 12 when excited will establish the field lines 133 .

respectively. These field lines form an angle of 90 de--
- grees with all metallic surfaces, as for example, the field
line 135 with the ground plane 132b. If a metallic sur-
face is inserted at a plane to which the field lines are

perpendicular, the over-all system would be unaltered. 25:-_ This element level trans formation may be accomplished

The insertion of metallic sheets at the mid-plane to
which the field lines are not perpendicular, alters the
characteristic impedance of the line and generates
higher order modes. A similar situation exists. with the -
lower level stripline in FIGS. 17 and 18. The field lines. 30
- 136 and 137 created between the asymmetric inner.con-
ductor 138 and the ground planes 1326 and 132, re-
-spectively, are disturbed when the metallic sheet 130 Is.
inserted mid-way between the ground planes 132a and
1316. Thus, the transformation from full size asymmet- 35
ric stripline to half size asymmetric. stripline requires -
_impedance matching and mode suppression. This may -
be aeeompllshed as shown in FIG. 19 by reduemg the
" inner strip 142 in the half size stripline to be approxi- -
~mately half the width of the inner strip in the full size 40
stripline and providing a reactance 143, shown as an

length from the junction 144 between the full size and

~ half height asymmetric striplines. To prevent the paral--
- el plate mode from propagating between the asserted 45

“metallic ground plane and an original ground plane, as
for example, between the ground planes 130 and 1326 in

FIG. 20, a metallic block 145 which makes good electri-

cal contact with the ground planes 130 and 132b is
inserted in the half height asymmetrical stripline with 50
- one edge substantially coincident with the junction 144,
- To accomplish a 0 dB level change, the 0 dB inter-

couplers, previously described, as shown in FIG. 21. In -

- this arrangement, a signal with amplitude of V, coupled 55

to an input transmission line 151 of the first 3 dB inter-

- level coupler 152 will couple at the junction 153 to the

- second 3 dB interlevel coupler 154 as a signal with an
“amplitude of 0.707 V, in the co- planar output transmis-

sion line 155 and as a signal with an amplitude of 0. 707 60

153 via interlevel 3 dB coupler 154 as a signal with an

~ amplitude of 0.5 V, at a phase angle of 0 degree to the 65
- such that an excitation coupled to one of the input ports
“causes responsive excitation at each output terminal in a

manner to establish a phase and amplitude distribution

- co-planar transmission line 157 and as a signal with an-
amplitude of 0.5 V, at a phase angle of —90 degrees to.

the non-co-planar output transmission llne 158. Snm- -

; 4,424,500 :

| "]arly,_the signal in the _non_planaf'output transmission

line 156 of interlevel 3 dB coupler 152 couples across

- the junction 153 via interlevel 3 dB coupler 154 to cou-
- ple asignal with an amphtude of 0.5 V,at a phase angle
of —180 degrees to co-planar output transmission line
157 and a signal with an amplitude of 0.5 V, at a phase

angle of —90 degrees to non-co-planar output transmis-
sion line 158. Thus, the signals at the co-planar output
transmission line 157 cancel while a signal with an am-
plitude of V, and a phase angle of —90 degrees is cou-

~ pled to non-planar output transmission line 158 of 3 dB
interlevel coupler 154. As previously discussed, this
~type of 0dB interlevel coupler may be employed as an

interlevel transformer, asymmetric to symmetric line
transformer and deck level transformer. |

- For proper operation, the .antenna elements 712a
= 'through 72k of FIG. 9 must lie in a common plane. As
- shown in FIG. 9A, the output transmission lines of
‘Butler matrix 14 are in two planes, one centered in the
and 134 between the ground planes 1322 and 1325, ZO.Ifupper deck level 14A, the second centered in the lower
- deck level 14B. By means of the element level trans-
- former 16, these elements may be positioned in a com-

~ 'mon plane, which :may be the common ground plane

between the upper deck 14A and the lower deck 14B.

by prowdlng an array of dipole antenna elements 161 in

- FIG. 22 which emerge from the common ground plane
.. 162. This type of element is well known in the art and
. has been described by J. E. Boyns and R. Grannini, et al
“eachat the Array Antenna Conference NELC, San
- Diego, Calif. in February 1972. Coupling to this dipole
- may be accomplished by eliminating the lower ground .
- plane for the lower deck 14B or the upper ground plane

for the upper deck 14A for a distance from the edge
161a of the array to at least beyond the base 1615 of the

* dipole element eonﬁguratlon, thus providing a dielec-
.' trle 163 with an unclad region 164 and a copper clad
. region 165, as shown in FIG. 23. The center conductors
o of the deck output transmission lines are etched to form

a loop 166 which is a prlnted circuit balum, such as that

inductance in FIG. 19, approximately a"quart"er wave- - described by Bawer et al, in IRE Transactions on Mi-

- crowave Theory and Teehmques Volume MTT-8, No.

3, May 1960. This balum positioned across the narrow

gap 167 for coupllng to the desired dipole. Thus the

entire array is formed in the common ground plane

between the upper and lower decks 14A and 14B, re-
* spectively, by etching an array of dipoles therein, alter-
“nately exciting these diipoles from each side by balums
formed from the center stripline of the upper and lower
" decks and terminating the upper and lower ground
. planes of the decks 14A and 14B, respectlvely, at a
-~ desired distance from the edge of the array.

-While the invention has been described in its pre-

-ferred embodiments, it is to be understood that the
- words which have been used are words of description
~ rather than limitation and that changes may be made
‘within the purview of the appended claims without
'. departlng from the true seope and Spmt of the mventlon
in'its broader aspeets : | :

. We claim:

1. An appafatus hawng a multlpllolty of co-planar

"'_'lnput ports numbering n and a plurality of co-planar
output terminals numbering m wherein each of the n

input ports are coupled to all of the m output terminals



across the m output termmals that 1s assocrated wrth the
excrted input ‘port comprising: - SRR |

-a power divider arranged to couple each of sard n
lnput ports to at least two non-planar output ports :

and

a rnatrlx havrng 1nput ports on at least two decks each |
~ coupled to one of said power divider output ports .
" and output ports coupled to said m output termi- -
" nals; each deck having sections thereof which in-
| 10
ing. conductors located. at - dlfferent levels and; =
' wherein" transrtrons between levels are accom- -

~_clude conductors on at least two levels with cross-
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3 'mg thrrd and fourth ports, each interlevel coupler con-

. plished through non-contacting interlevel elements

. -fposmoned In an. electrornagnetlc coupllng relatron-- )

- “ship.-

" cally coupled to a section on asecond level; said first -
20

section having first and second ports and said second

- section having third and fourth ports, . said mterlevel* |
 power dwrders constructed and arranged to divide: a._'_' |

" structed and arranged to couple signals between said
~first and third ports with said first and third ports sub-
'- 'stantlally decoupled from said second and fourth ports.

4. An apparatus in accordance with claims 1, 2, or 3

:whereln said Inatm; includes sections comprising first
~ and second ground planes having three sections there-

3 between, a middle section and two outer sections, a first
‘level determined by a plane at a boundary between said

rnrddle section and one of said outer sections, a second

level determined by a plane at a boundary between said

mlddle section and an outer section other than said one,

-and two level asymmetrical striplines having inner con-
_ductors posrtloned at said first and second levels.

. o . s

__ 2. An apparatus in accordance w1th claun 1 1nterlevel' -
SR 'coupllng elements include interlevel power dividers -
+ . each having a section on.a first level electromagneti-.

5. An apparatus in accordance with claim 4 wherein

'- _sald matrix further includes half height asymmetric

strrpllne formed in preselected locations by positioning

- a metallic sheet substantially equldlstant between said
first and second ground planes. |

‘6. An apparatus in accordance with claim 5 wherein

- said matrix further includes metallic blocks positioned

signal incident to said first port between said second and

* third ports with said fourth port substantlally deooupled

: -%.from said first port B 3
3. An apparatus in accordance w1th clalrn 2 whereln
. 'sard interlevel coupllng elements include interlevel cou-
. plers, each having a first section on a first level in non-
- “'contacting electromagnetically - coupling relationship:
- with a second section on a second level, said first sec-

- L_tlon havrng ﬁrst and second ports and sard sectlon hav-

at preselected locations in electrical contact with said

‘equidistant metallic sheet and one of said first and sec-.

- ond ground planes | for suppressing parallel plate modes.

25

30

1. An apparatus in accordance with claim 6 further -

R ,lncludlng an array ‘of co-planar antenna elements and
- element level transformers coupled between said matrix
- and said co-planar elements for transforming said con-
) ductors at said first and second levels to a common level

for respectwely coupllng to said co-planar clements.
L - ok ok ok ok ok |
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